Abstract: This paper analyses the impact of the Sloping Land Conversion Program (SLCP) on rural labor migration in China. We use recent survey data from Ningxia Hui Autonomous Region and a difference-in-difference approach to assess the impact of the policy on labor migration decision. We find a significant effect of the policy: the migration probability increase due to the SLCP policy amounts to 17.5 percentage points in 2008. Furthermore, we highlight the role of policy duration in strengthening the impact of the program on migration. We also find that young, male and Hui nationality individuals are more likely to be impacted by the policy.
Introduction
The past decades have witnessed a deterioration of natural environment in China, which led to water shortage, soil erosion, desertification, or ecosystem degradation. After a series of serious drought and flooding in 1997-98, restoring the ecological environment has become a prime task for the Chinese authorities and various reforestation projects have been put on the agenda. As for forest protection itself, the background for the implementation of specific policies can actually be traced (Xu et al. 2004b) . The program also entailed the objective of restructuring the rural economy and reducing poverty through a compensation scheme, which granted participating households the payment of in-kind and cash subsidies for a period of 3 to 8 years 4 . A pilot phase started in 1999 in three provinces (Shaanxi, Sichuan and Gansu) . In March 2000, the pilot project was officially extended, and upon its full-scale implementation by the end of 2002, it involved 25 provinces, autonomous regions and municipalities, and 1,897 counties (Xu et al. 2004a) . The total project area covers 710 million hectares, accounting for 74 percent of the total country land area, and the total population in the area is 712 million, of which 78 percent is agricultural population.
The Sloping Land Conversion Program falls into the category of programs implemented worldwide under a scheme of Payments for Environmental Services (PES). As stated by Engel et al. (2008) , PES can be defined as "a voluntary transaction where a well-defined environmental service (or a land use likely to secure that service) is being 'bought' by a (minimum one) service buyer from a Generally speaking, these programs have been found to have a positive impact on environmental protection and on the reduction of soil erosion (Ribaudo et al. 2001; Ferraro and Kiss 2002; Mapemba et al. 2007; Munoz-Pina et al. 2008) . In contrast, evidence is mixed regarding their economic impact, especially for household activity choice and labor migration. In the case of the United States and Europe, Cooper and Osborn (1998) and Ferraro and Kiss (2002) found that the implementation of PES programs activated labor migration, but on the contrary, some papers argued that government payments to farmers decreased off-farm labor participation (El-Osta et al. 2004; Dobbs and Pretty 2008) , notably because they created an important income effect that outweighed the substitution effect (Ahearn et al. 2006) . As for developing countries, the empirical findings on the impact of PES programs on migration are also inconclusive. On one hand, a body of literature shows that reforestation policies have a significant and positive impact on labor migration as well as on household income (Resosudarmo and Thorbecke 1996; Pagiola et al. 2002; Alix-Garcia et al. 2005; Asquith et al. 2008) . According to Pagiola et al. (2005) , the PES program in Latin America increased halshs-00761163, version 1 -5 Dec 2012 migration possibilities of rural farmers by about 10%. On the other hand, Wunder (2007) found that the payment price from conversion was too low to change the benefit-cost comparison for rural peasants and their incentives to migrate in Asian developing countries.
The SLCP has also generated considerable interest regarding its effectiveness and its ecological and economic impact 5 (Yin 2009 ). So far, most economic papers have analyzed and evaluated the effects of the policy on peasants' income, poverty, and off-farm labor decisions, but very few have been specifically devoted to measuring its impact on labor migration. Table 1 reviews the existing econometric literature and highlights mixed evidence on the labor allocation impact of the program.
Papers that used data collected a few years after the program was launched did not find evidence of any impact of the program on off-farm labor participation (Xu et al. 2004a; Uchida et al. 2007 ), although econometric assessments using more recent data found a positive impact of the SLCP on offfarm labor participation (Uchida et al. 2009; Groom et al. 2010; Yao et al. 2010) . A range of descriptive papers argued that most peasants were not willing to participate in the program and that subsidies and free job training would not change their cost-benefit comparison. These papers concluded that the policy had little impact on peasants' participation and labor migration (Xu et al. 2004a; Weyerhaeuser et al. 2005) . In the case of Ningxia Hui Autonomous Region, Zhang et al. (2008) also pointed out the limited opportunities for farmers to develop off-farm businesses because of a pervasive lack of investment and policies in local social capital development. They also highlighted the lack of farmers' participation in the policy-making process as a major concern about the sustainability of the program. In contrast, some papers highlighted the attractiveness of the program to households because of the subsidy mechanism, and found that it actually induced a rapid growth of labor migration. For instance, Xu et al. (2006) argued that the SLCP stimulated a small adjustment of the local economies and that participating farmers improved their livelihoods. Liu et al. (2008) reported anecdotal evidence on the large number of surplus laborers generated by the policy that contributed to and facilitated the surge in labor migration across China.
This paper uses a dataset collected in 2009 in Ningxia Hui Autonomous Region to assess whether and to what extent the SLCP has influenced rural labor migration. It aims at answering the following research questions: i) How labor migration changed in response to government subsidies under the SLCP framework? ii) How government policies contributed to the massive rural labor exodus observed in China since the beginning of the 2000s? Despite the number of studies on the socioeconomic impact of the SLCP, there is a lack of knowledge on its impact on labor migration decision at the individual level. Case studies reviewed above are largely based on a few household surveys carried out only a few years after the program implementation in a limited number of provinces (as a matter of fact, most studies focused on the three pilot provinces that started the program first).
Our contribution is three-fold. First, compared to the existing literature, we use a recent dataset that covers the full implementation period of the program and that may enable us to better capture the potentially slow adjustment of household labor allocation decision. Based on these data, our analysis adds to the available literature by examining the SLCP's longer-term impact on labor migration.
Second, we specifically focus on labor migration and on individual decisions. The existing literature has mainly assessed the impact of the SLCP on off-farm participation, including local off-farm work and self-employment, and usually only considered labor participation decisions at the family level (to the exception of Uchida et al. 2009 ). As the drivers of labor migration and other off-farm decision (local self-employment or wage-work) may differ in many respects, focusing on labor migration enables us to provide a somewhat more detailed and consistent analysis by concentrating on the mechanisms through which the policy affects peasants' migration. In terms of the program sustainability, examining labor migration rather than all off-farm activities also makes sense since it not only involves a change of activity out of the farm, but also a displacement of the population out of the countryside. Third, we focus on an autonomous region populated with both Han and minority people that has not been much studied so far, and we use a fairly large and representative sample.
The rest of the paper is organized as follows. Section 1 gives an introduction to the reforestation policy and illustrates how SLCP may affect farmer's decision to migrate. Section 2 provides data description. Section 3 gives an overview of the empirical approach, discusses the identification strategy and reports regression results with the difference-in-difference approach. Section 4 proposes a sensitivity analysis using propensity score matching method. Section 5 concludes.
halshs-00761163, version 1 -5 Dec 2012 A key feature of the program is that the payment for ecological restoration has been designed so as to improve rural household livelihood directly through an increase in income, and indirectly through income source diversification. From a theoretical perspective, the impact of services payments to farmers on labor allocation, and in particular on migration, is unclear. Government payments to farmers typically induce a negative income effect and a positive substitution effect (Ahearn et al.
2006
) and a key research question is to assess which effect dominates between the income effect and the substitution effect. On one hand, participating farmers can increase their income if the payments they receive exceed the opportunity cost associated with retiring their land. If the new source of income is large enough to secure their livelihood, the exogenous subsidy may lower the peasants' incentives to diversify their sources of income and thus discourage off-farm work 8 . On the other hand, 6 Zhang et al. (2008) provide a detailed description of the program implementation in Ningxia up to the year 2005. The fundamentals follow the national guidelines. 7 The grain subsidy has been given to farmers only during the first years of implementation of the program. 8 Migration and other types of off-farm employment are typical ways to reduce income risk both by diversifying income sources and because these sources of income may be less risky than agricultural income that is highly sensitive to harvest failures and price variations (Taylor and Martin 2001).
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by serving as a means to cope with risks and to relax the farmers' liquidity constraints (Key et al. 2006) , government payments can be used by farmers to finance other productive, possibly more costly but higher-return activities, both on and off the farm, which may increase their probability to migrate out (Stark and Taylor 1991; Zhao 1999; Uchida et al. 2005) . At the same time, the increased leisure time provided to peasants who participate in the program may give them an additional incentive to seek to migrate out (Evenson 1978) . As for China, migration is both costly and risky for peasants with low education and skills and with poor access to information, markets and capital, and because of the liquidity constraint, labor migration is usually undertaken by the better-off rural households (Uchida et al. 2009) . In this perspective, PES may serve as a redistributive tool and release the financial constraint to allow the poorest to migrate. One may also expect that the longer the peasants participation, the larger the program effect on migration. For all these reasons, the global net effect of SLCP on labor migration is theoretically uncertain and needs to be empirically assessed. Unfortunately, the survey does not document this issue, which does not enable us to assess to what extent migrated households could affect our results. Nevertheless, given that permanent migration remains very limited in China due to strong institutional constraints (notably through the Hukou household registration system), we expect the bias not to be too strong though we acknowledge the potential for problems related to this issue.
Survey data description
The survey collected 800 valid household questionnaires, with 500 SLCP participating households (62.5% of the sample) and 300 non-participating households. At the village level, 53.3% of the surveyed villages had a 100% participation share while 21.7% (13 villages argue that most peasants did not have the option to choose whether they can participate in the program or not, how much land they had to return, and what kind of trees they could plant on the returned farmland. As demonstrated in Zuo (2001) and Bennett and Xu (2008) , the targeting of areas to retire has generally been conducted via a top-down approach, starting with retirement quotas that were distributed from the central government to the provinces, followed by subsequent distribution down through counties, townships and finally to participating villages. Then the local government would decide on peasants' participation in the program on a land criterion, with impoverished lands on steep hills and far away from the village being designed to return to forest. Xu et al. (2010) also point to the fact that households have had unequal access to the program, and in some cases, have been forced to participate when they would otherwise have not. In our own sample, the compulsory nature of the policy appears from a set of questions. In the participating group, about three quarters of the participating households reported having no or limited choice to participate when entering the program. Moreover, to the question(s) "Were you free to choose the area (the land) to return to forest?", 95 percent answered "No, it has been compulsorily arranged by the village or government".
On the other hand, 72 percent in the non-participating group declared being willing to participate. As peasants' will was clearly not taken into consideration, the policy can be treated as being largely exogenous to rural households 10 .
Land characteristics further confirm that plots with poor geographical characteristics, far away from home, with a steep slope and of a poor quality were more likely to be returned to forest than kept as cultivated land. Available data for SLCP participating households in the survey highlight large differences between converted and non-converted plots in slope, distance to home and land quality, all criteria chosen by the government to decide on land conversion ( Table 2) . As for land slope, only 14 percent of the converted land is flat, while the share amounts to 52 percent for non-converted plots, which indicates that higher quality and flat land is still cultivated. In contrast, more than 59 percent of the converted land has a slope higher than 25 percent, against 23 percent for non-converted plots.
Regarding land quality, more than 45 percent of the converted land was reported by households as of a bad or very bad quality, while the corresponding figure for non-converted land is less than 4 percent. to be significantly different between the participating and the non-participating groups.
As for our outcome variable of interest, Table 3 shows very different migration patterns between the participating and the non-participating groups. In this analysis, we identify migrants as household members who declared working outside their home township for at least one month during the year of interest 11 . As shown in Table 3 , the propensity to migrate in 2008 is significantly higher in the participating group (28.3 percent) compared to the non-participating group (17.6 percent).
Interestingly, the initial village shares of migrants highlight a reverse picture: for the non-participating group, the proportion of migrants in the village labor force was 25.8 percent in 2002, compared to 21.7 percent for the participating group. Given the design of the policy, these statistics are consistent with choice to participate and that this may affect our results. In the empirical analysis, we use a matching approach as a sensitivity analysis, which allows us to partly account for this issue. The matching method aims at constructing a statistical comparison group based on a model of the probability of participating, using observed characteristics. Even if the policy is not fully exogenous to households, we believe that the assumption of conditional independence holds since SLCP participation criteria have been largely based on observable land characteristics. 11 Imposing a three-month duration does not change the results, except that it reduces the share of migrants by 2.5 percentage points on average (see Table 3 ).
the targeting of remote hilly lands: in remote villages, the incidence of labor migration is usually lower because of higher associated migration costs. This is confirmed by the significantly longer distance to the county seat for the participating group (45.6 km on average against 33.6 km for the nonparticipating group).
With regard to household characteristics at baseline (2002), individuals in the participating group belong to households with more adults and fewer elderly, and a smaller land endowment per adult at the beginning of the program. The average land endowment per person is 8.22 mu 12 per person, as compared to 11.55 for non-participating households.
The impact of the Sloping Land Conversion Program on labor migration

1. Empirical approach
Our objective is to assess whether the Sloping Land Conversion Program has been effective in increasing rural labor migration among participating peasants. To do so, we construct a "natural experiment" from the policy and we test whether rural labor migration patterns are significantly different between SLCP participating individuals and non-participating individuals. We use a difference-in-difference (DD) approach to measure the net effect of the SLCP policy on labor migration, with a simple case of a two-group two-period model for the outcome.
Let us consider that the SLCP participating peasants are the treatment group (T=1) and the nonparticipating peasants are the control group (T=0). The time before the policy implementation is denoted t 0 , and the time after t 1 . The difference-in-difference estimator is given by:
where t Y is the outcome of interest (migration in our case) for an individual i (either treated or not treated) at time t. The first difference (within parentheses) eliminates individual systematic effects and the second difference (between parentheses) eliminates time effects that are common to both groups.
In practice, it can be translated into the following estimation model: The main identification condition for the estimation of the SLCP effect is that there are no other shocks than the new policy that may affect the differential migration decision of the participating group relative to the non-participating group. We control for as many observables (at the individual, the household and the village levels) as possible to fill up this kind of deficiency, and we estimate the following linear probability equation for the likelihood of migration in year t:
The vector X contains time invariant or time-varying control variables, such as gender, age, education, marital status, ethnicity, family composition, land area per person, village migration networks and distance to the county seat; ε is the error term for the unobservable factors that affect labor migration. The estimations rely on linear models (OLS) for the binary dependent variable that have the advantage over logit or probit models to provide a straightforward causal interpretation (Angrist and Pischke 2008) . Moreover, individual decisions are assumed not to be independent across members of a given household and estimations are run allowing for intra-household correlations through a cluster effect.
2. Estimation results from DD model
To start with, Table 4 reports simple descriptive statistics for migration propensity by treatment and by year. Reading rows first emphasizes the differences between the two groups of farmers. Before the implementation of the SLCP policy, the subsequent non-participating group was more involved in migration than the subsequent participating group, with a 6.8 percentage points difference. The outcome is totally reversed after the policy, since the participating group exhibits a higher migration share than the non-participating group. The difference-in-difference (DD) estimate of 17.5% is the difference between a negative pre-intervention difference and a positive post-intervention difference, leading to a strongly positive DD estimate.
Before presenting the estimation results for equation (3), Table 5 (Démurger and Xu 2011) . Interestingly, Table 5 shows that in our sample, return migration is much more important for the non-participating group than for the participating group between 2002 and 2008. Hence, the reversed migration shares observed in Table 4 are derived from a combination of higher return migration rates and lower new migration rates for the nonparticipating group. Table 6 Zhao (2005) for a review). In contrast, after controlling for age, gender and family characteristics, we do not find any significant difference in migration probability between Han and Hui nationality groups or between married and non-married individuals.
In terms of family characteristics, household composition and assets at baseline all have a significant effect on labor migration. First, we find that the number of adults in the family significantly increases the individual probability to migrate whereas the number of dependents, both young and old, significantly reduces the probability to migrate. A larger labor force reduces the opportunity cost for the family to send migrants to cities but a higher dependency ratio of the household significantly reduces family labour availability for migration. Second, the household per capita land holding in 13 The significant estimates for age and age squared indicate that migration participation increases with age up to a threshold level of about 29 years old (in 2002). 14 The reference group for education level is "above 9-year compulsory education". Regarding education, its role in rural migration in China has been found ambiguous in the literature (Zhao 2005) . In particular, there is evidence that better educated individuals tend to choose local off-farm work over migration, which could also explain that more educated persons are less likely to migrate than junior-school-educated persons in our sample.
2002 is unsurprisingly found to have a negative and significant impact on labor migration. It reflects the demand for farm labor, and in the specific case of China, it may also reflect the need for households to keep farming their land if they want to protect their land use rights. Once the labor force size is controlled, only families with smaller landholdings can afford sending household members to migrate. Finally, at the village level, we find that existing migration networks in 2002 play a significant and positive role in peasants' migration decision. A higher proportion of migrants in the village labor force can indeed help reducing information collection costs and psychological costs associated with migration.
To further explore the labor migration impact of SLCP participation, we consider three variants that reflect differences in the intensity of program participation: the duration in the policy (measured by the number of years in the program), the program area (measured by the converted area) and the participation intensity (measured by the ratio of converted area to total landholdings). Estimation results are reported in Table 6 , columns (2) to (4). All the coefficients for the interaction terms are positive and significant, which indicates that a deeper participation favored labor migration. The strongest impact is found for the intensity of participation in the program: our estimates suggest an increase in the migration probability by 20.7 percentage points for a one percent increase in the ratio of program area to total land area. Both duration in the program and the area converted are also found to facilitate migration, with coefficient estimates of 0.0344 and 0.00192 respectively. These results confirm the program effectiveness in facilitating labor migration for participating farmers.
Interestingly, the estimated magnitude of the effects for both participation intensity and duration is very close to Uchida et al. (2009) findings. We find slightly higher effects though (0.207 against 0.159 for intensity and 0.0344 against 0.020 for duration), which is consistent with the view of a potentially slow adjustment of household labor allocation decision 15 after the policy is implemented. As our study covers a longer project implementation period than most previous studies, we are able to highlight the role of policy duration in strengthening the impact of the SLCP on migration. This finding confirms the importance of sustaining the policy over time since labor allocation adjustments may not be immediate but instead require a few years before being visible.
Once we have established the effectiveness of the SLCP in encouraging labor migration, an additional question arises as to which farmers are more likely to shift to migration after the implementation of the policy. In order to assess the potential heterogeneity of the impact of the program on various groups of individuals, we consider separately five dimensions (gender, age, education, marital status and ethnicity) and re-run regressions by introducing interaction terms with the 'treatment x year' variable for each dimension. As can be seen from Tables 7 and 8 , we find notable differences when we stratify by age, gender and ethnicity, but no significant difference by education or marital status.
Participating in the program increases the propensity to migrate of the youngest age cohort (between 15 and 29 years) by 12.9 percentage points. The effect then becomes insignificant for the 30-39 and 40-49 age cohorts, and negative (and significant) for the 50-66 age cohort. The age pattern heterogeneity clearly follows the age profile of rural migrants in China: following the standard human capital theory, an explanation for the higher migration propensity is that young people can receive a longer return stream from their human capital investment activity. The key interesting finding here is that this age-migration pattern is being reinforced by the program, which further increases the migration propensity of the youngest.
Regarding gender differences, we find a positive responsiveness of migration to the SLCP policy significantly stronger for men than for women: male propensity to migrate increases by 13.5
percentage points thanks to the policy. Again, the gender difference that is usually observed in migration patterns is being reinforced by the policy. In this specific context, there may be many reasons to account for such a result, among them the fact that male peasants are less involved in taking care of their young children or of the elderly, both dependent groups found to negatively affect individual propensities to migrate.
An interesting result is found when stratifying the sample by ethnicity. As shown above, Hui nationality people are not likely to migrate more than Han individuals. However, 
Propensity score matching analysis
In the analysis conducted in section 3, we have implicitly assumed that the Sloping Land Conversion Program had clear assignment rules that explained why some households enrolled in the program while others did not. However, if the assignment of households to the treatment and control groups is not random, then the estimation of the average treatment effect may be biased because of confounding factors. As a sensitivity analysis, we now relax the assumption of clear assignment rules and use matching method to identify a comparison group that matches the treatment group, based on the most similar observed characteristics. The matching is achieved on the probability to participate in the Sloping Land Conversion Program.
We follow the Propensity Score Matching (PSM) approach proposed by Rosenbaum and Rubin (1983) . We first use a logit model to estimate the propensity score for each observation in the participant and the non-participant groups; we then match individuals in the non-participating group to individuals in the participating group who have similar propensity scores; and we compare the outcome indicator between the two groups 16 . A key feature of the propensity score matching method is to create a randomized experiment to match the two groups. Since the characteristics of the two groups are similar, the migration difference can thus be attributed to the contribution of the program.
Before presenting the average treatment effects obtained through PSM, we have performed preliminary tests for common support and covariate balancing. As stated by Becker and Ichino (2002) , imposing the common support condition in the estimation of the propensity score may improve the quality of the matches used to estimate the average treatment effects. We impose the common support condition, which means that we consider only the observations whose propensity score belongs to the intersection of the supports of the propensity score of the treated and the controls. In our case, the propensity score that lies within the interval [0.37, 0.80] overlaps for both the treated and the control groups (see Figure 2 for Kernel matching method). We also test the balancing characteristics for all the covariates, the basic idea of this step being to compare the situation before and after matching and to make sure there are no differences after conditioning on the propensity score.
Several matching methods have been proposed in the literature, the most widely used being the Nearest-Neighbor matching, the Radius matching, and the Kernel matching methods. Table 9 
Conclusion
The Sloping Land Conversion Program (SLCP) implemented in China from 2000 aimed at reducing soil erosion and protecting the environment by converting crop land on steep slopes back to forest or grassland. As a Payments for Environmental Services program, it included a monetary compensation for participating farmers, which was expected to contribute alleviating rural poverty and to favor rural restructuring.
This paper assesses the effectiveness of the policy in increasing individual labor migration probability in the case of Ningxia Hui Autonomous Region, by using a difference-in-difference (DD) approach and propensity score matching. The main findings can be summarized as follows. First, we find evidence of a positive net impact of the SLCP on rural labor migration in three poor prefecturelevel cities in Ningxia Hui Autonomous Region. One may conclude from these findings that government payments have been effective in facilitating the labor exodus of the 2000s in a poor region of China not well-connected to the developed eastern part. This is particularly confirmed by the fact that participating villages were not the most migrant-sending villages prior to the policy. As a consequence, the policy seems to have been an effective tool in encouraging migration for the most remote, poorest villages. One may infer from these results that in the case of Ningxia, government payments for ecological restoration have induced a positive substitution effect for farmers that outweighed the negative income effect of the policy. In this perspective, the policy enabled poor halshs-00761163, version 1 -5 Dec 2012
individuals to shift to costly but higher-return activities. Second, as our study covers a longer project implementation period than most previous studies, we are able to better highlight the role of policy duration in strengthening the impact of the SLCP on migration. This is also an interesting finding since it emphasizes the importance of the time dimension in assessing the impact of the policy: a compensation policy can be an effective tool in favoring labor reallocation in rural remote places towards migration, but it must be sustained over time to ensure a longer-term impact on migration because reallocation may not be straightforward. Third, we find a larger impact of the program for young, male and Hui people. Our finding of a stronger impact of the policy on Hui nationality people points to an additional (and potentially unintended) outcome of the policy in facilitating migration for ethnic groups which are not the most likely to migrate otherwise. As minority groups of individuals are usually poorer, more remote and lack access to formal credit or insurance markets, these results may also be interpreted as indirectly pointing to the importance of financial constraints in migration decision.
Although our results suggest that the Sloping Land Conversion Program has been effective in encouraging rural activity diversification, its effective contribution to rural poverty alleviation is not straightforward and depends on many economic and institutional factors. Among other channels, the SLCP impact on poverty alleviation depends on how the labor reallocation within households has been accompanied by transfers from migrants to the left-behinds. In the absence of adequate income and transfer data, we could not test for this. Moreover, the long-term sustainability of policies encouraging migration is not guaranteed given the huge institutional barriers that still limit the access of rural migrants to urban residency. 
Notes:
The mean test column indicates the significance level of mean differences between SLCP participating individuals and SLCP non-participating individuals. NS=not significant; *** significant at 1 percent. Note: "no change" means that the individual remained either migrant or non-migrant over the period. Significant at 10%. **: significant at 5%. ***: significant at 1%. Notes: See Table 6 .
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halshs-00761163, version 1 -5 Dec 2012 halshs-00761163, version 1 -5 Dec 2012 Notes: Standard errors for the matching estimates are bootstrapped standard errors using 100 replicates.
The propensity score is estimated using a logit of treatment status on individual characteristics (gender, initial age, marital status, years of education, local cadre status), initial household and village characteristics (household size, number of elderly, migration network), and a number of interaction terms. A common support is imposed for each matching method by dropping 5 percent of the treatment observations at which the score density of the control observations is the lowest. *** : significant at 1%. 
